Thermodynamic analysis of small ligand binding to the Escherichia coli repressor of biotin biosynthesis.
BirA is the transcriptional repressor of biotin biosynthesis and a biotin holoenzyme synthetase. It catalyzes synthesis of biotinyl-5'-AMP from the substrates biotin and ATP. The adenylate is the activated intermediate in the biotin transfer reaction as well as the positive allosteric effector for site-specific DNA binding. The affinity of BirA for the adenylate is considerably greater than its affinity for biotin, and both binding reactions are coupled to changes in the conformation of the protein. The temperature dependencies of the two binding interactions have been determined using kinetic techniques. Van't Hoff analysis of the equilibrium dissociation constants derived from the kinetic data indicate that while the two binding processes are characterized by large negative enthalpies, the entropic contributions are small for both. Binding enthalpies have also been determined by isothermal titration calorimetry. Consistent with the results of the van't Hoff analyses, the calorimetric enthalpies are large and negative. The greater precision of the calorimetric measurements allowed more accurate estimation of the entropic contributions to the binding processes, which are of opposite sign for the two ligands. In addition, the heat capacity changes associated with the two binding reactions are small. The measured thermodynamic parameters for binding of biotin and bio-5'-AMP to BirA have been utilized to dissect out structural contributions to the binding energetics. Results of these calculations indicate equivalent contributions of burial of polar and apolar surface area to both binding processes. The total loss of solvent accessible surface area is, however, greater for biotin binding. The analysis indicates furthermore that although both binding reactions are coupled to losses in configurational entropy, the magnitude of the conformational change is significantly larger for biotin binding.